Objective: This narrative review summarizes and integrates the available literature on positive affect (PA) and pain to: (1) provide a brief overview of PA and summarize the key findings that have emerged in the study of PA and pain; (2) provide a theoretical foundation from which to understand how PA operates in the context of chronic pain (CP); and (3) highlight how the prevailing psychosocial treatments for CP address PA in the therapeutic context, and offer suggestions for how future treatment development research can maximize the benefit of PA for patients with CP.
I t is well established that pain is an aversive physical and emotional state. The high arousal negative affective responses to pain, such as anxiety and anger, are presumed to serve a protective function, motivating the individual to escape imminent threat. 1, 2 When experienced chronically, pain engenders an array of stable negative affective and behavioral styles that increase one's vulnerability to depression and other mood disorders. 3, 4 The role of negative affect (NA) in chronic pain (CP) has been studied extensively and has been the topic of several reviews. [5] [6] [7] Broadly, the data suggest that if psychosocial treatments for patients with chronic pain are successful in reducing NA, pain-related outcomes should improve. Research on emotions and health, however, have taught us that NA rarely influences health outcomes in isolation. Indeed, positive affect (PA) is psychometrically distinct from NA, and is associated with an array of health benefits, 8 possibly due to its reliable association with improved functioning in key biological systems, including the neuroendocrine and immune systems. 9, 10 PA, particularly in the past decade, has also been a target of investigation in pain research. However, to our knowledge, no review has summarized the key findings from the literature on PA and pain.
Such an undertaking is necessary, we believe, to help determine if and how therapeutic approaches targeting PA should be integrated in psychosocial treatments for chronic pain as a means for improving their efficacy. The overarching theme of current cognitive-behavioral approaches is to promote pain self-management by targeting and reducing NAs and cognitions, but the modest effect sizes culled through decades of large and small trials 11 suggest that much of the variance in pain and pain-related outcomes remains to be addressed in treatment. Morley et al 11 recently proposed that a paradigm shift for the treatment of pain is necessary and that, "Precise testable models are needed that link specific treatment procedures with specific psychological changes leading to hypothesized specific outcomes." We support this clarion call, and have undertaken the present review with the goal of synthesizing the literature on PA and pain so as to understand if and how PA-enhancement strategies may be optimized in psychosocial treatments for better CP. Several existing psychosocial treatments for CP (eg, acceptance and commitment therapy [ACT] 12 ; mindfulness-based stress reduction [MBSR] 13 ) incorporate aspects of PA enhancement, and our hope is that this review will clarify which hypotheses should be tested to evaluate the efficacy of PA enhancement for patients with CP.
In the present review, we: (1) provide a brief overview of PA and summarize the key findings that have emerged in the study of PA and CP; (2) provide a theoretical foundation from which to understand how PA operates in the context of CP; and (3) highlight how the prevailing psychosocial treatments for CP address PA in the therapeutic context; and (4) offer suggestions for how future treatment development research can maximize the benefit of PA for patients with CP. To this end, we searched the Google Scholar and PubMed databases for studies in which PA and pain had been experimentally manipulated, as well as studies of CP in which PA was a primary measure. We employed the following search terms in various combinations: "pain," "pain sensitivity," "chronic pain," or "quantitative sensory testing," and "positive affect," "positive mood," or "positive emotion." Reference sections of relevant studies were also scanned for content not identified by the original searches. Articles discussed in this review were chosen based on their relevance, in our judgment, to understanding the role of PA in CP. No articles were chosen or excluded based on the direction of findings or lack of statistical significance. behaviors, or pleasant moods or emotions that instill a sense of relaxation, contentment, or serenity. 14 PA may refer to pleasant feeling states of varying intensities and durations, ranging from mild states of contentment to overwhelmingly intense states of joy and bliss. The word "positive affect" may best be characterized as an umbrella term that encompasses "positive moods," which are relatively stable pleasant feeling states of moderate intensity, and "positive emotions," which are typically short-lived, higher intensity experiences of pleasure that represent discreet feelings.
PA is distinct from optimism, 15 which is a future-oriented cognitive disposition that is associated with positive outcome expectancies. Optimism, which is most commonly measured with the Life Orientation Test-Revised, 16 is reliably associated with lower pain sensitivity and adaptation to CP. Readers are referred to a recent review of the association of optimism and pain for a more detailed summary. 17 Although there is conceptual and psychometric overlap between optimism and PA-one who consistently expects positive outcomes may be more likely to find positive meaning and experience positive emotions in daily events-the principle distinction is that PA refers to moods and emotions, which are time varying and may take on a variety of forms (eg, high arousal vs. low arousal), whereas optimism refers to a cognitive style that is more stable and personality-driven. Furthermore, optimism may increase attention to negative health-related information, 18 which is not a hypothesized result of experiencing PA. Consequently, increased bias toward negative health information may influence how optimism and pain are associated in certain contexts (eg, via pain catastrophizing 19 ).
"Resilience," is another positive psychological term that should be distinguished from PA. In the CP literature, resilience is typically conceptualized as the maintenance or recovery of healthful functioning through periods of physical, psychological, or social adversity. 20, 21 As we will discuss, PA is a factor that promotes resilience, 22 but is not synonymous with resilience.
The most common method of measuring PA is through self-report. Perhaps the most ubiquitous measure, the Positive and Negative Affect Schedule (PANAS), 23 creates an index of PA by averaging across intensity ratings on 10 adjectives of positive valence. Elevations in PA on the PANAS generally reflect the extent to which one is activated or aroused. In addition to the PANAS, PA may been assessed by a variety of self-report instruments. 24 Among these, the Vigor subscale on the Profile of Mood States, 25 which assesses high activation positive emotions, is perhaps the most similar in form and function to the PA scale on the PANAS. Other self-report methods include ratings of discreet positive emotional states, such as happiness, joy, or serenity. 24 Although the majority of studies we will discuss measure PA through self-report, a variety of other assessment techniques have been investigated, including facial action coding, 26 and psychophysiological recordings. 27 As pain is commonly understood to be both an affective and physiological experience, it is important to note that the measurement of PA and NA in patients with CP assesses one's general emotional experience, which is likely to be influenced by ongoing pain, but may be influenced by other environmental and psychosocial inputs. Thus, PA and NA are unlikely to be perfectly correlated with pain. The residual variance in the affect-pain association forms the basis of the view that affect can be manipulated or improved through treatment, even when pain persists.
Experimental Manipulation of PA and Pain
The biopsychosocial model 28 holds that CP is governed by an interacting set of endogenous (eg, neurobiological) and exogenous (eg, cognitive; emotional; behavioral; social) factors that sustain the subjective perception of painful somatic states. At perhaps its most basic level in humans, the influence of evoked PA on evoked or clinical pain can be demonstrated in controlled experimental studies. Indeed, numerous studies have experimentally demonstrated the benefits of induced PA on acute pain, with the general finding that PA inductions reduce pain sensitivity (see Table 1 for a selection of studies across nociceptive stimulus and affective induction modalities). Such effects have been observed in studies involving positive affective induction through the viewing of emotionally evocative images, 32, [34] [35] [36] [37] [38] [39] [40] humorous film clips, 31, 41 romantic film clips, 42 therapeutic suggestion, 43 hypnotic suggestion, 44 guided imagery, 29 laughter, 45 pleasant odors, 30, 46 pleasant music, 39, [47] [48] [49] [50] [51] and monetary reward. 52 Recent work using the nociception flexion reflex design suggests that the effects of induced PA on pain may be spinally mediated. 36, 37, 53 Neuroimaging has demonstrated that the effect of induced PA on pain is associated with activity in the anterior cingulate cortex, bilateral insula, right secondary somatosensory cortex, and left orbital frontal cortex. 54 Together, these findings suggest that PA is integrated within a central pain modulatory network.
If the effects of induced PA on induced pain are indeed mediated through central pathways of pain processing, and not simply an epiphenomenon of testing, it is reasonable to hypothesize that PA may also have similar salutary effects on the everyday experience of CP in natural socioenvironmental contexts. There are now several studies that have investigated the association of PA and CP within a biopsychosocial framework, and much of those data stem from repeated naturalistic assessments of affect, pain, and pain-related variables in the flow of daily life. These studies indicate that PA promotes both adaptive affective responses to pain and lower CP itself. [55] [56] [57] [58] But the value of microlongitudinal studies with CP cohorts extends beyond the simple question of whether PA and pain are correlated. Rather, such data sets have permitted the investigation of whether PA is a unique construct in CP, or simply the opposite of NA.
Time-varying Dynamics of PA and Pain
A longstanding controversy in the emotion literature is whether PA and NA are opposite sides of a bipolar continuum 59 or separate indices in a bivariate distribution of affect with a limited degree of overlap. 60, 61 The former view holds that, as an affect of a particular valence moves toward one extreme of the bipolar continuum, the other affect will diminish in kind. In contrast, the bivariate view holds that, under typical conditions, PA and NA will be only modestly correlated, suggesting that day-to-day spikes in PA may occur irrespective of the level of NA. The data largely support the latter view. As displayed in Table 2 , across studies that have assessed both PA and NA in patients with CP, the amount of shared variance is quite modest. Among studies using the PANAS, the amount of shared variance is typically between 8% and 10% for between-person estimates and 2% to 3% for within-person estimates. Notably, variation in PA-NA correlations in CP samples appears to be related to measurement type (ie, PANAS vs. other measures) and measurement strategy (eg, postintervention vs. follow-up).
The correlations presented in Table 2 by and large support the notion that PA and NA are separable affective states, a key aspect of the bivariate view of affect. The distinction between the bipolar and bivariate views is not trivial. If PA always increases when NA decreases, then attenuating pain or modifying maladaptive negative cognitions should stabilize the affective system and promote well-being. This represents a "one size fits all" approach to treatment: remove the negative dimension and health and well-being will improve. But if PA and NA account for unique portions of variance, a more flexible treatment approach may be warranted, with individual treatments tailored to individual affective profiles. For patients with deficits in positive affectivity, interventions aimed at augmenting PA would be crucial for restoring function and an adaptive balance of positive and negative emotions in the face of CP.
Zautra and colleagues [62] [63] [64] address the distinction between PA and NA for patients with CP in their Dynamic Model of Affect. The Dynamic Model of Affect proposes that neither a strict bivariate nor strict bipolar view of affect appropriately characterizes the pattern of affective states in the context of CP. Because CP often manifests as a continuous ebb and flow of periods of elevated, normal, and attenuated pain, affective states are likely to be dynamically influenced by changes in environmental and physiological demands, as well as random, unpredictable fluctuations. As such, under periods of relative normalcy, PA and NA are only modestly correlated. However, under conditions of adversity, which include even minor elevations in pain, PA and NA fall to the poles of the affective continuum and evidence stronger negative coupling. 63 This effect has been demonstrated in several microlongitudinal studies involving patients with rheumatoid arthritis (RA), osteoarthritis (OA), and fibromyalgia (FM). [73] [74] [75] Furthermore, using constrained paths in a structural equation model involving pain, pain coping, and affect in a sample of patients with RA, Zautra et al 65 demonstrated that increased PA and NA were distinct affective responses to adaptive and maladaptive chronic pain-coping behaviors, respectively.
The implication of this set of findings is that microstressors, such as transient fluctuations in pain, narrow one's attention, thereby diminishing emotional complexity, defined as the ability to simultaneously experience and distinguish between affects of a different valence. 76 Thus, increases in pain may constrain one's attentional focus to negatively valenced emotional states and stimuli. Yet, individual differences in the propensity to maintain PA through elevations in pain and NA have been identified and replicated, 75 and suggest that, despite the possibility of enhanced negative coupling under situations of duress, many people with CP have the capacity to be resilient to the challenging physiological and social changes that emerge throughout the course of illness.
More recent work has shown that PA may be uniquely involved in the development of self-efficacy to cope with CP. In a series of mediation models, Park and Sonty 66 showed that PA, but not NA, was a significant mediator in the relationship of coping self-efficacy and pain interference in daily life among a group of patients with a wide range of chronic pain conditions. PA also uniquely mediated the effect of trait psychological resilience on pain catastrophizing in a sample of older adults with CP. 77 Individuals high in trait resilience reported less daily variation in pain catastrophizing throughout a 14-day daily diary reporting period. But that effect was fully accounted for by PA such that trait resilience predicted greater daily PA, which in turn predicted attenuated daily pain catastrophizing. Importantly, an alternative model that substituted NA for PA did not find evidence for mediation, suggesting that daily increases in PA (relative to a person's mean over time), to a greater extent than decreases in NA, promote adaptive cognitive coping with CP.
Seebach et al, 67 too, reported distinctly different effects of PA and NA in a longitudinal study of spinal surgery patients. Whereas presurgery PA and NA were not related to postsurgery outcomes, postsurgery PA, but not NA, significantly predicted higher postoperative functional status at 3-month follow-up. In contrast, postsurgery NA, but not PA, significantly predicted pain interference and disability at 3-month follow-up.
The amount of shared versus nonshared variance between PA and NA in the prediction of pain may depend on the temporal stability of measurement. Stable, or traitlevel, affects should be most closely associated with the most salient and reliable affective stimulus in one's immediate environment. Thus, individuals with CP who are reliably high in NA may be likely to report reliably high pain levels. If PA were simply the mirror image of NA, then individuals with reliably lower trait PA scores should evidence similar associations with clinical pain. A recent diary study with OA patients suggested this is not the case. In fact, stable (ie, trait) NA accounted for a 3-fold greater difference in average pain reports than stable PA. 68 In contrast, although, state PA accounted for a greater proportion of variance in both clinical and experimental pain than state NA, demonstrating that day-to-day changes in PA are critically important to the experience of pain. Together, the results suggest that PA and NA have unique and distinguishable roles in modulating the experience of CP.
PA BUFFERS THE HARMFUL EFFECTS OF PAIN
The general finding that PA and NA account for unique portions of variance in predicting pain and painrelated outcomes is important because it helps clarify that both PA and NA should be assessed in patients with CP. But how, if at all, does PA modulate the experience of pain? Among FM and OA patients (n = 124), multilevel modeling showed that weekly elevations in PA above the average within-person levels buffered the effect of pain on NA such that the weekly coupling of pain and NA was attenuated when PA was high. 75 Furthermore, across 11 weeks, average PA levels were significantly associated with lower clinical pain reports. 75 These findings were replicated in a smaller study of rheumatoid arthritis patients (n = 43), whereby weekly elevations in PA attenuated the weekly coupling coefficient of pain and NA. 69 In an experimental analog of these studies, the affective component of pain (ie, pain unpleasantness) was reduced following a cold pressor task among women with higher, relative to lower, pretask PA. 78 Together, these studies demonstrate that PA is not merely distinct from NA, but also may blunt the otherwise sharp spikes in NA that accompany dynamic fluctuations in pain in the flow of daily life. Notably, however, a large cross-sectional study of FM patients failed to find a buffering effect of PA on the association of pain and NA. 79 This suggests that the relations between PA, NA, and pain may vary depending on the temporal dynamics of measurement. 68 PA has also been shown to buffer the effect of pain on physical function in OA. In a large cohort study of knee OA patients, those with high pain and high-trait PA walked a significantly greater number of steps (nearly 1200) per day than patients with high pain and low PA. 80 Interestingly, OA patients with high PA walked an equivalent number of steps per day whether they had high knee pain or no knee pain at all. 80 
PA IS ASSOCIATED WITH PROSOCIAL BEHAVIOR IN CHRONIC PAIN
Accummulating evidence suggests that social factors should be considered in models explicating the role of PA in chronic pain. Smith and Zautra 70 demonstrated that PA is an antecedent of positive social engagement among patients with RA and OA. In a multicohort weekly diary study of patients with RA (n = 82) and OA (n = 88), patients who reported more PA and were higher in an empirically derived psychological resilience factor reported a greater number of positive social interactions through an 11-week weekly diary than those who were lower in resilience.
PA may also arise from adaptive social engagements for patients with CP. A recent study used multilevel structural equation modeling to show that daily increases in positive interpersonal events buffered the effect of daily pain on daily PA (and daily NA) in patients with FM and OA. 81 In the same data set, Taylor et al 82 demonstrated that marital/partner relationship quality predicts increased PA, and that patients with a life partner exhibited more adaptive pain-related changes in PA throughout a 30-day daily diary than unpartnered patients.
Although ample evidence indicates that stressful psychosocial events decrease PA among patients with CP, 73 emotional disclosure of those events is associated with an increase in PA among patients with chronic pelvic pain who are high in NA. 83 Such disclosure may facilitate the experience of PA by integrating stressful events within patients' autobiographical narratives, allowing for positive reappraisal of such events, 84 and promoting a sense of coherence 85 and the experience of PA. Together, this evidence suggests that PA is woven into the fabric of our social lives, bolstered by healthy relationships, and amplified by the therapeutic resolution of stressful psychosocial events. These factors, in turn, may dampen the experience of pain and buffer individuals from pain-related disability.
THE ROLE OF PA DIFFERS ACROSS CHRONIC PAIN DISORDERS
The general finding that PA is negatively associated with pain appears to vary as a function of diagnosis. Weekly diary analyses have revealed that patients with fibromyalgia report greater daily pain and stress than agematched and sex-matched patients with OA, and that PA accounts for the greatest amount of variance in those group differences. 74 Interestingly, fibromyalgia patients reported significantly lower PA, but not NA, than osteoarthritis patients across 12 weekly assessments. Furthermore, weekly 74 and daily 86 analyses show that elevations in pain result in greater reductions in PA for patients with FM compared with OA. van Middendorp et al 79 found complementary evidence in a large study comparing FM patients and pain-free controls, showing that a large PA deficit was evident even in FM patients without comorbid medical or psychiatric disorders.
The deficient functioning of PA in FM patients has also been observed in controlled laboratory experiments. Despite reporting improved mood while viewing positive affective images, FM patients' pain ratings to laser stimuli were not reduced when presented concomitantly with positive images, whereas healthy controls showed the typical linear gradient of decreased pain sensitivity with positive relative to negative stimuli. 54 Rhudy et al 53 similarly revealed that FM patients' pain ratings and nociception flexion reflex threshold were unchanged under positive relative to negative affective picture presentation, suggesting an overall damping of the processes regulating the emotional modulation of both pain and spinal nociception.
We know of only 1 study that has investigated biological correlates of the FM PA deficit. Finan et al 71 found that the loss of PA on high pain days was amplified in FM patients with a catechol-O-methyltransferase genotype conferring low dopamine metabolism (met 158 met), suggesting that the association of pain and PA in FM may be regulated by dopaminergic neurotransmission. Wood and colleagues [87] [88] [89] have demonstrated that dopaminergic neurotransmission-particularly phasic dopamine firingis altered in FM. As the met 158 met allele is associated with diminished phasic dopamine firing, 90 which has in turn been shown to directly regulate the experience of PA, 91, 92 it is possible that the general PA deficit in FM is undergirded by a chronic impairment in dopaminergic activity.
CONCEPTUAL MODEL FOR PA ENHANCEMENT IN CHRONIC PAIN
A reasonable conclusion from the evidence presented above is that PA has a diffuse range of benefits for patients with CP, and appears to operate with some degree of independence from NA. It follows that standard assessment of patient functioning should include a targeted evaluation of PA that may otherwise be missed in brief depression screeners commonly employed in clinical settings. But, to what end would clinicians seek to increase their understanding of a patient's PA? There are currently no empirically supported practices that aim to directly enhance PA among patients with CP. The need for a targeted PA-based intervention is underscored by a growing body of evidence suggesting that patient motivation, readiness to change, and coping self-efficacy-all of which are promoted by PA [93] [94] [95] [96] -are key factors in the long-term success of CP self-management. 97 PA interventions have been developed and tested in other clinical contexts. For example, Moskowitz et al 98 developed a PA intervention for patients with newly diagnosed HIV that exclusively focuses on techniques to enhance PA, including noticing and capitalizing on positive events, feeling gratitude, cultivating mindful awareness, positive reappraisal, focusing on personal strengths, learning to create attainable goals, and engaging in acts of kindness. Wellbeing therapy 99,100 utilizes cognitive-behavior therapy (CBT) techniques to focus patients' attention on positive personal attributes and environmental circumstances during daily life, and has demonstrated efficacy in patients with affective disorders. Solution-focused therapy guides patients to "search for exceptions" to psychological distress and life problems, and in so doing, enables them to identify and engage with situations, actions, and attitudes linked with the experience of well-being and positive change. 101, 102 A recent adaptation of an intervention originally developed to treat addiction, Mindfulness-Oriented Recovery Enhancement (MORE), 103 unites complementary aspects of mindfulness training, cognitive reappraisal, and positive psychological principles into an integrative treatment strategy designed to disrupt the cycle of somatic distress and maladaptive cognitive-affective states common to CP. MORE aims to directly stimulate PA by promoting savoring of natural rewards. Evidence from an early-stage RCT involving CP patients suggests that MORE may be efficacious for diminishing pain attentional bias and enhancing perceived control over pain. 103 Recent findings from this preliminary trial suggest that MORE decreases pain severity and functional impairment, 104 and reduces desire for opioid analgesics by enhancing autonomic responsiveness to positive emotional stimuli. 104 A larger randomized clinical trial of MORE as a treatment for patients with CP is currently under way.
The potential utility of PA as a treatment target for CP may be best understood within a more general conceptual framework explicating the role of PA in cognition, behavior, and health-the Broaden-and-Build Theory of Positive Emotions. 105, 106 Under that model, NA is thought to narrow the scope of attention and cognition 107, 108 to support rapid, automatic enactment of bottom-up, habitual, defensive responses (eg, flight, flight, freeze 109 ), whereas PA exerts countervailing effects on cognition and behavior. 110 Cognitive narrowing in response to negative emotions stemming from an exacerbation of CP (eg, anger, fear) may be seen as a conserved adaptation, in that it may aid in efficiently allocating resources to the critical goal of survival (ie, escaping the source of the injury). However, when an immediate threat has passed, chronic negative emotionality can be counterproductive, fostering perseverative cognition and behavioral avoidance, 111 and stress-induced health consequences, including proinflammatory and anti-immune responses that impede healing. 112, 113 The Broaden-and-Build Theory plots an alternative course for affective and behavioral responses to pain. It asserts that PA reverses cognitive narrowing by facilitating individuals' access to higher-level associations and a widerthan-usual range of ideas and sensory information. This hypothesis has been tested in an array of observational, experimental, and clinical studies which demonstrate that positive emotions result in expanded attention and enhanced problem solving. 114 As a consequence of such broadened cognitive processing, PA fosters flexible responses to situational challenges (such as those presented by the need to adapt to chronic pain) by promoting exploratory and novel behaviors. In these ways, PA expands thought-action repertoires and consequently enhances the development of durable intrapersonal and interpersonal resources, such as psychological resilience, social connectivity, and physical health. [115] [116] [117] Further, PA downregulates the effects of lingering negative affective states on stress physiology by exerting compensatory effects on sympathetic nervous system functions that, when unregulated, energize, and support bodily enactment of defensive reactions. 118, 119 Hence, even transient increases in PA may have a sustained impact on adaptive functioning in the face of chronic pain by broadening the scope of cognition and behavior, building durable psychosocial assets, and tempering physiological stress reactivity to foster emotional, social, and physical well-being.
How might PA be durably enhanced in the clinical context? The 3 most widely researched and empirically supported psychosocial treatments that have been adapted for chronic pain are cognitive-behavioral therapy for pain (CBT-P), 120 ACT, 33, [121] [122] [123] and mindfulness-MBSR. 124, 125 Elements of these intervention strategies have been shown to engender PA and enhance health. For example, CBT-P places an emphasis on relaxation, positive reappraisal, benefit finding, and scheduling of pleasant activities. 126, 127 Although these therapeutic foci may promote PA, they are typically presented to patients within the general theme of minimizing negative appraisals of pain. To our knowledge, the positive psychology elements of CBT-P have not been extracted and tested against the components aimed at reducing negative cognitions and emotions. As a consequence, it is unclear if the "PA dose" of CBT-P is sufficient or could be enhanced with a more deliberate focus.
ACT places an emphasis on psychological flexibility, 12, 128 and promotes PA through encouraging activity engagement and goal pursuit. 72 Given its roots in valuebased goal pursuit, if ACT is successful, patients should feel more energetic, happier, and more vital. However, because ACT focuses on such a diverse array of contextual processes, 12 such as cognitive diffusion, acceptance, and "selfas-context," enhanced PA may be a byproduct of ACT for some patients, but not others.
MBSR emphasizes the cultivation of equanimity and present-focused awareness. 129 Like ACT, patients may experience positive emotions such as calm or vigor following MBSR, but they may be just as likely to take away from the MBSR experience a primary state of nonjudgement of negative events/appraisals, which may not be correlated with positive emotional state.
Thus, a larger question remains about whether interventions like CBT, ACT, and MBSR can or should be adapted to place a primary emphasis in treatment on PA enhancement as pathway to improved chronic pain symptoms. Future investigations should determine whether interventions that aim to generate PA improve pain and pain-related outcomes via specific PA-related mechanisms, and whether effect sizes and durations are larger than can be achieved under current CBT, ACT, or MBSR formats. Such PA-related mechanisms are outlined in Figure 1 , which presents a conceptual model through which positive psychological mechanisms are proposed to promote PA and resilience to chronic pain by: (1) fostering mindfulness as a means of disengaging from cognitive fixation on pain and NA 130 ; (2) broadening the scope of attention and cognition to encompass nonpainful stimuli and experiences 119,120,126,131,132 ; (3) motivating adaptive pain coping behaviors, including increased engagement in social activities and stimulating, novel experiences 97, 133 ; (4) promoting positive reappraisal of stressors, as well as reappraisal of painful stimuli and the experience of pain itself 134, 135 ; and (5) enhancing savoring (ie, noticing enjoyment) of pleasurable objects, events, and positive emotions themselves. 129 These factors may be mutually and reciprocally reinforcing, enhancing one another in an upward spiral, whereas diminishing the negative emotions and somatic distress inherent in CP.
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Clin J Pain Volume 31, Number 2, February 2015 Such upward spirals have been observed in prospective observational studies in which higher initial levels of positive emotions are prospectively associated with having a more broadened mindset, which is in turn predictive of increased positive emotions in the future. 131, 136 Conversely, other research suggests that having a broadened mindset is prospectively associated with greater use of cognitive coping strategies that enhance PA, which are in turn predictive of having a broadened mindset. 135 Moreover, such reciprocal influences have been observed in studies indicating that high levels of vagal tone, an index of flexible parasympathetic regulation of sympathetic stress reactivity, are prospectively associated with more frequent experiences of PA and enhanced prosocial connectivity. 137 In turn, PA has been shown to increase vagal tone. 138 Thus, PA, broadened attention and cognition, adaptive and prosocial behavior, and physiological self-regulation may be viewed as mutually reinforcing components of upward spirals of positive affectivity. Upward spirals are evident when PA expands people's mindsets and increases autonomic flexibility, facilitating positive reappraisals of stressful life events and promoting attention to pleasurable, rewarding, or meaningful experiences. 114 By enhancing awareness of positive experiences and perspectives, PA may increase access to new contextual information with which to reappraise current circumstances and reframe them as benign, meaningful, or even beneficial.
In light of its association with enhanced regulation of attention and emotion, 139 the practice of mindfulness is theorized to enhance positive reappraisal through a number of mechanisms. 134, 135 First, mindfulness may facilitate decentering or attentional disengagement from initial negative appraisals, which disrupts negative emotional reactions to adverse experiences and circumstances. Next, possibly by activating brain regions involved in PA (eg, left prefrontal cortex 140 ) mindfulness induces positive emotions like contentment or joy, [141] [142] [143] and thereby may expand attention to encompass previously unattended sensory or semantic information. Because PA broadens the scope of cognition 132 and tunes information processing to detect stimuli that are congruent with the prevailing positive affective state, 144 when mindfulness practice induces positive emotions, awareness may be selectively tuned to process positive contextual information. Positive features of the event, circumstance, or context which had been previously unnoticed now become accessible to consciousness as the "stuff" of which positive reappraisals are made. Navigating adversity through this "mindful reappraisal" process may ameliorate chronic negative emotionality, enhance self-efficacy, and promote well-being by establishing a sense of coherence and meaning in life. 85 Future studies should aim to test the components of this conceptual model through rigorous experimental and clinical research methods. Prospective designs may be employed to investigate the causal ordering of the nodes displayed in Figure 1 . As evidenced in the figure, we believe that it is unlikely that pain and NA will disappear after one begins to engage in PA-enhancement strategies such as mindfulness, positive reappraisal, and savoring. Rather, the expectation is that consistent engagement in these strategies will gradually attenuate the experience of pain and NA. Because pain and NA restrict the range of attention, one may hypothesize that the attention-broadening effects of cultivated PA will increase as the experience of pain and NA diminishes over time. Future studies will need to evaluate this hypothesis at multiple levels of pain severity, as it is currently unclear if PA-enhancement effects would be greater at the mild or severe end of the pain spectrum. Such hypotheses may be readily tested through ecological momentary assessment methods that capture a high volume of daily experiences (both positive and negative), and individual reactions to them (both positive and negative) in real time. Time-lagged dynamical systems modeling 145 could be used to determine if the intensity of PA accelerates with increased use of skills such as mindfulness, positive reappraisal, and savoring. Furthermore, recent advances in smartphone technology may permit interventional messaging strategies to encourage use of key positive coping skills when they are needed most.
Limitations
The present review has some limitations that deserve mention. First, it is a narrative review, and consequently does not provide a quantitative summary of data across studies. Owing to the wide variety of methods and study designs used to investigate the association of PA and pain, we did not believe a meta-analysis would have been an appropriate tool to communicate the goals of this review. Our goal was to build a theoretical model by summarizing a wide variety of research from both experimental and clinical settings that assessed acute (induced) pain and emotion as well as repeated measures of these variables over time. This approach does not permit standardized, generalizable estimates of targeted effects, which would have to be pooled across many similar studies. Second, this review does not address questions related to temporal precedence of pain and PA. To our knowledge, this issue has not been systematically investigated and should be taken up in future prospective studies to determine if pain and PA are reciprocally associated, or adhere more closely to a unidirectional relationship.
SUMMARY AND CONCLUSIONS
Substantial evidence in multiple CP cohorts and in controlled experimental studies indicates that higher PA attenuates both the perception of pain and the negative affective response to pain, whereas the absence of PA exposes vulnerable (eg, low resiliency) patients to poor pain-related outcomes. In addition, convincing evidence indicates that PA and NA are distinct constructs, and the effects of PA on pain, and vice versa, are different from those of NA and pain. Taken together, these findings support the initiative to develop interventions that specifically target PA. Our conceptual model offers an array of therapeutic processes that promote PA, and may be tested against, or in concert with, existing therapeutic mechanisms (eg, NA reduction strategies) to determine when and how PA-based versus NA-based therapeutic strategies should be deployed in the course of treatment for people with CP. Such an effort would be responsive to recent calls for increased attention to precise, theoretically driven hypotheses in testing psychosocial treatments for chronic pain. 11 The theoretical models we have discussed in this article, and our own upward spiral model of PA, resilience, and pain self-management coalesce around the general prediction that PA is a viable target for the treatment of people with CP, and offer specific predictions that PA will buffer maladaptive cognitive and affective responses to pain, and promote active engagement in valued mindsets and goals that enhance CP self-management.
